The Wnt signaling pathway is involved in a variety of developmental processes and in tumor formation, in particular of colorectal and liver tumors (2, 8, 33) . A hallmark of Wnt signaling is the stabilization of cytoplasmic ␤-catenin followed by its association with TCF transcription factors, which leads to the transcription of Wnt target genes (5, 18, 30, 46) . The cytoplasmic component conductin (also named axin2 or axil) functions as a negative regulator of Wnt signaling by inducing degradation of ␤-catenin (3, 29, 40, 49) . Biochemically, conductin acts as a scaffold for the assembly of a multiprotein complex which includes the tumor suppressor APC and the serine/threonine kinase GSK3␤. In this complex, ␤-catenin is phosphorylated by GSK3␤, which leads to its ubiquitination and degradation in proteasomes (1, 21, 49) . Conductin induces downregulation of ␤-catenin when transiently overexpressed in colon carcinoma cells and inhibits Wnt-induced as well as endogenous axis formation in early Xenopus embryos (3, 14, 51) .
Conductin is related to axin, with which it shares 45% amino acid identity (3, 51) . Conductin and axin have similar biochemical and cell biological properties but may differ in their in vivo functions. While axin is homogenously distributed in the mouse embryo (51) , conductin is more selectively expressed in specific tissues (3; B. Jerchow and W. Birchmeier, unpublished data). Axin has been identified as the product of the fused gene locus in the mouse. The fused mutations lead to defects in embryonal body axis formation (47, 51) .
During embryonal development, Wnt signaling stabilizes ␤-catenin by blocking the activity of the conductin/axinbased ␤-catenin degradation complex. This pathway involves the activation of several intermediary components by Wnts, including the cytoplasmic protein dishevelled, which interacts with conductin/axin (22, 27, 28, 36) . Due to truncating mutations of APC or point mutations in the phosphorylation sites of ␤-catenin, various tumor types show constitutive stabilization of ␤-catenin and permanent activation of TCF/␤-catenin-driven gene transcription (6, 31, 33) . Specifically, the APC gene is mutated in the inherited disease familial adenomatous polyposis (FAP), which leads to formation of multiple colorectal adenomas and carcinomas and in addition accounts for about 80% of sporadic colorectal carcinomas (33) . ␤-Catenin is mutated in about 5% of colorectal carcinomas (31, 38) and in up to 50% of hepatoblastomas and hepatocellular carcinomas (23, 25, 44) , as well as in a variety of other tumors (2) . Alterations of axin and conductin/axin2 have also been described previously for hepatocellular carcinomas and for a fraction of unstable microsatellite colorectal tumors, respectively (29, 39) .
Several lines of evidence suggest an essential role for ␤-catenin/Wnt signaling in tumorigenesis. Accumulation of ␤-catenin in the cytoplasm and nucleus was demonstrated previously on tissue sections of colorectal and liver tumors, although regional differences within a given tumor exist (16, 20, 24, 25) . Furthermore, several target genes of ␤-catenin/ TCF complexes with a possible function in tumorigenesis, such as c-myc, cyclin D1, and matrilysin, have been described elsewhere (9, 15, 45) . Moreover, transgenic expression of stabilized versions of ␤-catenin in mice induces tumor formation (13) , and Min (multiple intestinal neoplasia) mice, which carry a germ line mutation of APC, develop spontaneous tumors in the small intestine that show stabilization of ␤-catenin (32, 43) .
In the study reported in this paper, we have determined the expression pattern of conductin in a variety of human tumors and normal tissue. We found that conductin is upregulated in colorectal adenomas and carcinomas and in liver tumors, in comparison to the corresponding normal tissues. Biochemical manipulation of Wnt signaling in cell lines and genetic analysis of Min mice indicate that conductin itself is a target of Wnt signaling. Our data suggest that conductin is part of a negative feedback loop which serves to restrain Wnt signaling activity by limiting the amounts of ␤-catenin. As upregulation of conductin appears to be an early event in ␤-catenin/Wnt-induced tumorigenesis, conductin might be a useful marker for early tumor diagnosis.
MATERIALS AND METHODS
Generation of the anticonductin monoclonal antibody C/G7. Female NMRI mice were immunized intraperitoneally with 75 g of a recombinant fragment of mouse conductin (amino acids 2 to 396) (3) in phosphate-buffered saline (PBS) with Freund's adjuvant. Eight weeks later, the mice were boosted intraperitoneally with 75 g of the conductin fragment in PBS without adjuvant. Spleen cells from one mouse were harvested 4 days after the boost and fused with X63-Ag8.653 myeloma cells by employing standard techniques, except that azaserine was used in the selection medium. Growth medium was RPMI 1640 supplemented initially with 15 and then 10% fetal calf serum (FCS; Biochrom, Berlin, Germany) and finally with 0.5% hybridoma serum (Pandar, Heidelberg, Germany). Initial hybridoma growth and cloning were supported by peritoneal feeder cells from NMRI mice. Hybridoma supernatants were tested in an enzymelinked immunosorbent assay with recombinant conductin used as a coating at 5 g/ml. Bovine thyroglobulin served as a negative control, and affinity-purified rabbit polyclonal antiserum against conductin (3) was used as a positive control. One hybridoma clone specific for conductin was selected (C/G7; immunoglobulin G1 chain), recloned, and frozen. Immunofluorescence tests and Western blotting with conductin-or axin-transfected Neuro2A cells showed that C/G7 is specific for conductin and does not cross-react with axin. Large-scale production of C/G7 hybridoma supernatant was carried out by growing hybridoma in dialysis tubes in a special gyration apparatus (Kretzschmar, Berlin, Germany).
Cell culture, Western blotting, and transfections. Cells were cultured in Dulbecco modified Eagle medium (DMEM) containing 10% FCS and streptomycinpenicillin. The colon, lung, breast, bladder, pancreas, and prostate carcinoma and the hepatoblastoma cell lines used in Fig. 1 have been described previously (7, 10, 25) . The melanoma cell lines SK-MEL3 and RPMI 7951 were obtained from the American Type Culture Collection, and Juso, Parl, IGR-3, and Strömer were obtained from J. P. Johnson, University of Munich.
For Western blot analysis of conductin in human tumor cell lines, 3 ϫ 10 6 cells were cultured overnight on 10-cm-diameter dishes and extracted with 500 l of lysis buffer (L-CAM assay buffer containing 1% Triton X-100 and 1 mM phenylmethylsulfonyl fluoride [4] ). For analysis of human tumors, normal and tumor samples were snap-frozen and stored at Ϫ80°C. Cryostat sections (10 m) were extracted in lysis buffer on ice for 15 min, sonicated for 10 s, and centrifuged for 15 min at 16,000 ϫ g. Equal amounts of extracted protein as determined by the Bradford protein assay (Bio-Rad) were separated by sodium dodecyl sulfate (SDS)-8% polyacrylamide gel electrophoresis and blotted on Immobilon membranes (Amersham). Proteins were detected using mouse C/G7 antibody against conductin (concentrated hybridoma supernatant at 1:100 dilution), rabbit antiaxin (1:200 dilution; gift from K. Willert, Stanford University), mouse anticytokeratin 19 (1:100; Santa Cruz), rat antitubulin (1:1,000; Serotec, Kidlington, United Kingdom), and mouse anti-␤-catenin (1:400; Transduction Laboratories) antibodies. After incubation with peroxidase-coupled secondary antibodies, blots were developed using enhanced chemiluminescence reagent (NEN) and exposed to X-ray films (Kodak).
The T-REx system (Invitrogen, Carlsbad, Calif.) was used according to the manufacturer's instructions to generate DLD1 colorectal tumor cells expressing tetracycline-inducible dominant-negative TCF. In short, 10 7 cells were transfected by electroporation with 20 g of FspI-linearized pcDNA 6 TR. Cells were grown in RPMI supplemented with 10% FCS, antibiotics, and blasticidin (10 g/ml). After 3 weeks of selection, blasticidin-resistant colonies were expanded and transfected with pcDNA 4 TO-luciferase. One clone (TR7-DLD1) that showed the strongest induction was chosen and subsequently transfected with 20 g of PvuI-linearized ⌬NTCF1 or ⌬NTCF4 expression plasmids coding for TCF proteins that lack the ␤-catenin binding domain (26) . After selection on Zeocin (500 g/ml), resistant colonies were tested for dominant-negative TCF induction by immunohistochemical staining after addition of doxycycline. The clones with the strongest induction (named ⌬NTCF1-DLD1 and ⌬NTCF4-DLD1) were used in the experiments. A luciferase reporter assay (Top/Fop assay) (26, 30) was used to confirm that dominant-negative TCF induction resulted in abrogation of ␤-catenin/TCF-driven transcription. For Western blots, 5 ϫ 10 5 TR7-DLD1, ⌬NTCF1-DLD1, or ⌬NTCF4-DLD1 cells were plated overnight on 10-cm-diameter dishes, induced with 1 g of doxycycline (Sigma-Aldrich Fine Chemicals, St. Louis, Mo.) per ml for 12 h, and extracted in 300 l of lysis buffer.
To obtain conditioned media, confluent Rat2/Wnt-1 and Rat2/MV7 cells were cultured overnight in serum-free DMEM (12) . For stimulation of MDA MB 231 breast carcinoma cells, 3 ϫ 10 5 cells were cultured overnight in six-well dishes, serum starved in DMEM for 16 h, and incubated with conditioned media. At the indicated time points, cells were lysed for 20 min on ice either in 100 l of hypotonic buffer (20 mM Tris-Cl [pH 7.5], 1 mM EDTA, 1 mM phenylmethylsulfonyl fluoride) to obtain the cytosolic fractions for analysis of ␤-catenin (12) or in L-CAM assay buffer containing Triton X-100 for analysis of conductin. In the time course experiment shown in Fig. 5D , both conductin and ␤-catenin were detected in the cytosolic extracts.
For transient transfections, 10 6 Neuro2A cells were cultured overnight on 10-cm-diameter dishes and transfected with a mixture of 20 g of a mouse dishevelled-2 expression plasmid (Dvl-2 [28] ), 2.5 g of pCMVCD20, and 2.5 g of pSGCD20. An expression plasmid for vav-2 instead of Dvl-2 was used as a negative control. Cells were trypsinized after 24 h and incubated with anti-CD20 antibody (Dianova), and the transfected cells were captured with magnetic beads (Miltenyi) coated with anti-mouse immunoglobulin G. Eluted cells were extracted in lysis buffer and processed for Western blots as described above.
Northern blots and cancer profiling arrays. TR7-DLD1 or ⌬NTCF1-DLD1 (4.5 ϫ 10 6 ) cells were plated on three 150-mm-diameter plates in DMEM-10% FCS. For induction of ⌬NTCF1, the cells were treated the next day for 14 h with 1 g of doxycycline/ml. MDA MB 231 cells were treated with Wnt-1-conditioned medium or control medium for 4 h. Total RNA was isolated with Trizol reagent (Invitrogen), and poly(A)
ϩ RNA was isolated with the Oligotex mRNA Midi kit (Qiagen Inc., Valencia, Calif.) according to the manufacturer's protocol. Two micrograms of poly(A) ϩ RNA per lane was electrophoresed on formaldehyde agarose gels (37) followed by blotting on Hybond-XL membranes (Amersham Pharmacia Biotech Inc., Piscataway, N.J.) by capillary transfer. Hybridization of the blots was carried out overnight at 65°C with 32 P-labeled cDNA probes derived from human conductin (Image clone IMAGp998I141906) and axin (Image clone IMAGp998B12254) or rat glyceraldehyde-3-phosphate dehydrogenase in 5ϫ SSPE (1ϫ SSPE is 0.18 M NaCl, 10 mM NaH 2 PO 4 , and 1 mM EDTA [pH 7.7])-5ϫ Denhardt's solution-0.5% SDS containing 100 g of sheared and denatured salmon testis DNA/ml. The filters were washed at 65°C for 20 min each with 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% SDS, 0.5ϫ SSC-0.5% SDS, and 0.1ϫ SSC-0.1% SDS, followed by exposure to X-ray films.
The cancer profiling array membrane (PT3578-1; Clontech Laboratories, Inc., Palo Alto, Calif.) was hybridized with the cDNA probes described above according to the manufacturer's protocol. In brief, the membrane was prehybridized for 30 min with 10 l of ExpressHyb solution (Clontech) at 65°C. The labeled cDNA probes were mixed with 30 g of C o t-1 DNA (Roche Molecular Biochemicals, Indianapolis, Ind.), 150 g of sheared salmon testis DNA, and 50 l of 20ϫ SSC in a total volume of 200 l. The mixture was heated at 95°C for 5 min, incubated at 65°C for 30 min, and mixed with 5 ml of fresh ExpressHyb solution. The filter was hybridized overnight at 65°C and washed four times at 65°C for 20 min with 2ϫ SSC-0.5% SDS, once with 0.2ϫ SSC-0.5% SDS, and finally for 5 min at room temperature with 2ϫ SSC. For consecutive hybridizations, filters were stripped in boiling 0.5% SDS solution. For normalization, the filter was finally hybridized with a human ubiquitin probe (Clontech). The filter was exposed to X-ray films for documentation. For quantification, the filter was scanned on an FLA-3000 image reader (Fuji Photo Film Co. Ltd.) and the spots were analyzed with AIDA 2.3.1 software (Raytest USA Inc., Wilmington, Del.).
Mouse experiments. C57BL/6 male Min (Apc ϩ/Min ) mice were obtained commercially (The Jackson Laboratory, Bar Harbor, Maine). Conductin ϩ/lacZ mice were generated from heterozygous embryonic stem cells derived from the E14 VOL. 22, 2002 NEGATIVE FEEDBACK LOOP OF Wnt SIGNALING VIA CONDUCTIN 1185 embryonic stem cell line that were injected into C57BL/6 blastocysts (described elsewhere [Jerchow and Birchmeier, unpublished]). Heterozygous Min mice and conductin ϩ/lacZ mice were crossed to obtain double heterozygous mice. For intestinal analysis, mice were sacrificed at 6 to 8 months. The intestines were collected, flushed with PBS, opened longitudinally, and mounted on Whatman paper. Either tumors were dissected for cryosectioning and subsequent ␤-galactosidase staining, or whole-mount staining of the intestine was performed. ␤-Galactosidase staining was carried out as described elsewhere (17) . Embedding in paraffin was performed according to the manufacturer's protocol (Paraplast; Sherwood Medical). Stained tissue was cut at 10 m and counterstained with nuclear fast red. In situ hybridizations were performed as described elsewhere on paraffin sections of mouse intestine using antisense probes specific for conductin and TCF4 (19) .
RESULTS

Upregulation of conductin in human tumors.
We have studied the expression of conductin in a variety of tumor cell lines from different tissues by Western blotting with a novel monoclonal antibody, C/G7. High amounts of conductin were readily detected in the majority of colon carcinoma cells, in all hepatoblastoma cells, and in some lung carcinoma cells. In contrast, most breast, bladder, pancreas, and prostate carcinoma and melanoma cells expressed low levels of conductin, which could be detected only after overexposure of the blots (Fig. 1) . To analyze conductin expression in human tumors, we performed Western blotting on colon carcinoma tissue samples and on corresponding normal colon mucosa from the same patients. Conductin was present in high amounts in the tumors but was barely detectable in the normal tissue ( Fig. 2A) . We also analyzed adenomas from FAP patients and again found upregulation of conductin in the tumors compared to the normal mucosa ( Fig. 2A) . Upregulation of conductin was also seen in sporadic colon adenomas (data not shown). Similarly, conductin levels were markedly increased in liver tumors (hepatocellular carcinomas and hepatoblastomas) compared to those in normal liver tissue (Fig. 2B) . Thus, the conductin protein appears to be expressed in large amounts in tumors that show activated ␤-catenin/Wnt signaling. These results prompted us to analyze conductin mRNA levels in a larger number of different normal and tumor tissues. We made use of a cancer profiling array (Clontech), which contains normalized cDNA from 241 tumor and corresponding normal tissues from individual patients. After hybridization of this array with a human conductin cDNA probe, we found the strongest signals in samples of uterus, colon, and rectum (Fig. 3A) . Again, a significant upregulation of conductin compared to normal tissue was observed in colon and rectal tumors. Quantification of the results showed a more than twofold increase in conductin mRNA levels in about 70% of the examined colon and rectal carcinomas (range, 2.2-to 14.4-fold [ Fig. 3B] ). Conductin mRNA expression was also elevated, albeit to a lesser extend, in most of the remaining colorectal tumor samples. However, in the majority of the other tumor types, no significant differences between normal and tumor tissue were observed, with the exception of 60 and 40% of uterine and lung carcinomas, respectively, which showed a more than twofold decrease in conductin levels. In contrast to the differential expression pattern of conductin, axin was equally expressed in the various tissue samples, and no differences between normal and tumor tissues were seen (Fig. 3) .
FIG. 1.
Western blot analysis of conductin in human tumor cell lines. Western blotting was performed using the C/G7 antibody on protein extracts from the indicated tumor cell lines. Equal amounts of protein were loaded per lane. Conductin was detected as a double band around 100 kDa in most cell lines. In some cell lines, either the upper or the lower band is seen. The same blots were also probed with antitubulin antibodies to demonstrate similar protein loading. Note that the Western blots of conductin in the lower panels (breast, bladder, pancreas, prostate, and melanoma) were exposed five times longer than those in the upper panels (colon, hepatoblastoma, and lung). Numbers at right are molecular masses in kilodaltons.
Control of conductin expression by Wnt signaling.
Colon carcinomas and liver tumors show active Wnt signaling because of mutation of APC or ␤-catenin (25, 33, 44) . In those lung carcinoma cell lines that expressed high levels of conductin, we detected nuclear staining of ␤-catenin, indicative of the activation of Wnt signaling (data not shown). We therefore speculated that conductin is a target of Wnt signaling, which is upregulated in response to TCF/␤-catenin activity in tumor cells. To analyze this, we used transfectants of the colon carcinoma cell line DLD1 that express dominant-negative mutants of TCF1 or TCF4 in a tetracycline-inducible manner (M. van de Wetering and H. Clevers, unpublished data). In the parental DLD1 cell line, the APC gene is mutated and the cells show activated TCF/␤-catenin-dependent transcription (31) . Induction of dominant-negative TCF1 in the DLD1 transfectants by addition of the tetracycline analog doxycycline resulted in a marked reduction in the protein and mRNA levels of conductin (Fig. 4) . This effect was already apparent after 6 h of doxycycline treatment (Fig. 4B) and was also observed with dominant-negative TCF4 (data not shown). In contrast to the regulation seen with conductin, axin expression was not significantly altered by dominant-negative TCFs (Fig. 4A) .
We also examined whether activation of the Wnt pathway by Wnt-1 leads to changes in conductin expression (Fig. 5) . We found that conductin levels were higher in Rat2/Wnt-1 cells, which secrete Wnt-1 (12), than in control Rat2/MV7 cells, which lack Wnt-1 expression (Fig. 5A) . Furthermore, incubation of MDA MB 231 breast carcinoma cells with Wnt-1-conditioned medium for 4 h significantly increased the levels of conductin (Fig. 5B ). In accordance with previous reports, ␤-catenin levels were also increased after Wnt-1 stimulation (12) . Both proteins declined to normal levels after 18 h. Control conditioned medium had no effect (Fig. 5B) . We could also detect an upregulation of conductin mRNA in MDA MB 231 cells after stimulation with Wnt-1 (Fig. 5C) . In a more extended time course experiment, we found that the increase in ␤-catenin protein preceded that of conductin by about 1 to 2 h, i.e., the peak of ␤-catenin was detected between 2 and 6 h, while that of conductin was seen between 4 and 8 h following exposure of cells to Wnt-1 (Fig. 5D) . Transfection of the upstream activator of Wnt signaling, dishevelled-2 (28), into Neuro2A cells resulted in a significant upregulation of conductin (Fig. 5E) . Together, the results shown in Fig. 4 and 5 indicate that conductin is a target of Wnt signaling that is transcriptionally activated by TCF/␤-catenin complexes.
In vivo regulation of conductin by APC. To examine ␤-catenin/Wnt-induced conductin expression in vivo, we crossed heterozygous conductin ϩ/lacZ knockout mice carrying a lacZ gene (43) . In the conductin ϩ/lacZ mice, the lacZ gene is under the control of the conductin promoter, and ␤-galactosidase staining faithfully reflects the conductin expression pattern during embryonal development (Fig. 6A and B) (Jerchow and Birchmeier, unpublished). After tumors had appeared in the Min ϫ conductin ϩ/lacZ intercrosses, we performed whole-mount stainings of the small intestine for ␤-galactosidase activity. We found strong staining in the tumors, which appeared as polyps surmounting the intestinal villus compartment (Fig. 6B, arrows) , indicating that the conductin gene promoter was activated. In sections of these tumors, the staining was mainly confined to the luminal aspect of the adenomatous tissue and declined in a gradient towards the basal normal mucosa (Fig. 6C) . A similar gradient of expression was also observed by in situ hybridization for conductin mRNA (data not shown). Staining for ␤-galactosidase was heterogenous within the adenoma and particularly strong in areas which showed ␤-catenin reactivity in the nucleus (data not shown). In addition to the strong staining of the tumors, we observed faint but clearly distinguishable signals in crypt-like structures adjacent to the muscularis layer ( Fig. 6C and E, arrows) . ␤-Galactosidase activity was also detected in individual spots that correspond to small, early-stage adenomatous lesions (Fig. 6D) . To compare expression of conductin and TCF4 in the intestine, we performed in situ hybridization experiments. Expression of both TCF4 and conductin was confined to the basal crypt epithelium (Fig. 6F and G, arrow) . TCF4 expression was also detected in the polyps of Min mice (data not shown). The results demonstrate that conductin expression is activated in experimental tumors that result from loss of APC and, further, suggest a role for conductin in negative feedback regulation of Wnt signaling.
DISCUSSION
Conductin is a major negative regulator of Wnt signal transduction by virtue of its ability to promote degradation of ␤-catenin. Our experiments suggest that upregulation of con- There is increasing evidence that Wnt signaling is subject to negative feedback regulation at various levels. For instance, the Wnt orthologue wingless in Drosophila melanogaster induces expression of the cytoplasmic protein naked cuticle, which in turn blocks dishevelled and restrains further signaling (35, 48, 50) . The F-box protein ␤TrCP, a ubiquitin ligase receptor involved in targeting ␤-catenin to proteasomes, is also activated by Wnt/␤-catenin signaling (42) . Moreover, certain isoforms of TCF transcription factors which lack the ␤-catenin binding domain are upregulated by ␤-catenin signaling and act as dominant-negative repressors of Wnt-dependent transcription (34) . While naked cuticle and TCF isoforms are direct target genes of the Wnt pathway, upregulation of ␤TrCP appears to occur at the posttranscriptional level. We now may add conductin to the list of negative feedback inhibitors of Wnt signaling. Conductin appears to be upregulated by transcriptional activation of the conductin promoter, since we have observed changes in conductin mRNA levels upon interference with Wnt signaling by dominant-negative TCF (Fig. 4C ) or after activation of the pathway by Wnt-1 (Fig. 5C) . Moreover, activation of conductin promoter activity was directly visualized in the tumors of Min/conductin ϩ/lacZ intercrosses (Fig. 6 ). In addition, TCF4 and conductin are coexpressed in the crypt epithelium and in the polyps, which suggests that TCF4 could be an activator of conductin gene transcription. Indeed, in a recent study, TCF consensus binding sites were detected in the conductin/axin2 promoter and promoter activity was increased by expression of ␤-catenin (23a).
As would be expected for a target of the Wnt pathway, the upregulation of conductin in response to Wnt-1 follows that of ␤-catenin (Fig. 5D) . The apparent decrease of ␤-catenin levels at later time points after Wnt stimulation (Fig. 5D ) may be a direct consequence of the upregulation of conductin. Elevated levels of conductin will increase the number of ␤-catenin degradation complexes, which will enhance the capacity of the ␤-catenin degradation machinery. This mechanism allows spatial and temporal fine tuning of Wnt signaling during embryogenesis. It may also counteract fluctuations of ␤-catenin levels that arise from changes in cadherin-mediated cell-cell adhesion during morphogenesis.
While expression of conductin is clearly regulated by Wnt signaling, expression of the related protein axin appears to be constitutive. Axin levels are similar in normal and tumor tissues and are not significantly changed by dominant-negative TCF in colorectal tumor cells. This indicates that axin is not involved in the feedback mechanisms proposed here for conductin. During embryonal development of the mouse, axin shows a widespread distribution, which contrasts with the more restricted expression pattern of conductin (3, 23a, 51; Jerchow and Birchmeier, unpublished). It thus appears that axin is a constitutively expressed component of the ␤-catenin degradation complex that is essential for the maintenance of its basal activity. In contrast, conductin is an inducible component that is specifically upregulated in response to increased ␤-catenin levels. The reason for this differential regulation is not known, but it is possible that axin has additional cellular roles apart from the canonical Wnt pathway that require the maintenance of a constant expression level of the protein. For instance, axin was recently shown to control Smad signaling in the transforming growth factor ␤ pathway (11) .
The consequences of feedback regulation of Wnt signaling for tumor development are not clear. Although overexpression of conductin can downregulate ␤-catenin in human tumor cell lines (3), the conductin levels that we observed in tumor tissues are apparently not sufficient to eliminate ␤-catenin completely and to prevent tumor formation. However, it is of interest that the accumulation and nuclear localization of ␤-catenin, as seen on tissue sections of colorectal tumors, are not homogenous but confined to specific areas of tumor dedifferentiation (16, 24) . Conductin might thus be involved in this fine regulation of ␤-catenin in tumors, and it will be of interest to carefully correlate ␤-catenin and conductin expression patterns with histological differentiation in tumor tissues. In the Min mice, we observed the most prominent upregulation of conductin at the top of the adenomas (Fig. 5C) . Recently, a top-down sequence of colorectal tumorigenesis has been proposed based on the finding that APC mutations occur in dysplastic cells at the top but not at the bases of small human colorectal adenomas (41) . The expression pattern that we observed for conductin is compatible with such a model.
In our large-scale analysis of conductin expression in tumors, we found significant upregulation of the conductin mRNA in those carcinomas that are known to be induced by Wnt/␤-catenin signaling, i.e., in colorectal and liver tumors. Hence, conductin expression seems to be closely correlated with tumorigenesis induced by the Wnt pathway. Moreover, induction of conductin appeared to be an early event during tumorigenesis, as conductin was upregulated already in adenomatous polyps of FAP patients as well as in early neoplastic lesions in Min mice. Conductin may therefore be an early marker for colorectal tumors. Interestingly, in a significant fraction of other tumor types, most prominently in ovarian cancers, conductin was downregulated compared to the normal tissue. Further studies are needed to analyze whether transcriptional downregulation of conductin leads to the stabilization of ␤-catenin and is of relevance for tumor development in these particular tissues. 
